Plasma concentrations of macrophage migration inhibitory factor are elevated in Pima Indians compared to Caucasians and are associated with insulin resistance concentrations, and acute insulin response (AIR 25-g intravenous glucose tolerance test) between Pima Indians and Caucasians (data not shown). Insulin action (M, hyperinsulinaemic euglycaemic clamp [7] ) was lower in Pima Indians compared to Caucasians (3.75±1.18 and 4.72±1.79 mg·kgEMBS -1 ·min -1 , respectively, p<0.05). While in these healthy subjects, MIF was frequently below the detection level of the assay, the frequency distribution of MIF in Pima Indians was different from Caucasians ( Fig. 1A ) with higher fasting MIF concentrations in Pima Indians (Wilcoxon Rank sum test p=0.04). Thus fasting MIF concentrations were higher than 5 ng/ml in 39% of Pima Indians, but not in any of the Caucasians. Fasting MIF was below the level of detection of the assay in 71% of Caucasians, 54% of Pima Indians (Fig. 1A) . MIF concentrations at 2-h tended to be higher in Pima Indians compared to Caucasians (Wilcoxon Rank sum test p=0.1). There was no difference between fasting and 2-h MIF concentrations (p=0.2). Fasting MIF concentrations were negatively associated with M before (Fig. 1B) and after adjustment for age, sex and percentage of body fat (r=-0.80, p=0.0001). Moreover, those subjects who had undetectable fasting MIF concentrations had on average higher M values compared to those who had detectable fasting MIF concentrations (4.7±1.5 and 3.1±0.7 mg·kgEMBS -1 ·min -1 , respectively, p=0.0005). 2-h MIF concentrations were not correlated with M (r=-0.06, p=0.9). There was no correlation between fasting or 2-h MIF and measures of adiposity (body fat and BMI), fasting and 2-h glucose and insulin and AIR before or after adjustment for age and sex (all p>0.05).
To the Editor: Macrophage migration inhibitory factor (MIF) is thought to be a key effector molecule of both the innate and antigen-specific immune system [1] . While macrophages are the major source of MIF, MIF is also produced in pancreatic beta cells, adipocytes, liver, Leydig cells and ovarian follicular cells. When released in response to proinflammatory stimuli MIF inhibits random migration of macrophages and enhances macrophage functions and cytokine production [2] . Recently, it has been shown that MIF and insulin co-localize within the secretory granules of pancreatic beta cells [3] . Once released, MIF seems to regulate insulin secretion in an autocrine fashion [3] , which suggests a potential role of MIF in the regulation of glucose metabolism, a hypothesis, which is supported by the finding of increased plasma MIF concentrations in diabetic patients [4] . We examined: (i) whether plasma MIF concentrations are related to insulin action or acute insulin secretory response in humans (ii) whether there are ethnic differences in plasma MIF concentrations between Caucasians and Pima Indians, a population at high risk for the development of Type II (non-insulin-dependent) diabetes mellitus [5] .
The study group consisted of 28 non-diabetic (WHO) Pima Indians [age: 32±6 years, body fat: 34±9% (DEXA or underwater weighing)] from the Gila River Indian Community near Phoenix, Arizona, USA and 24 non-diabetic Caucasian subjects [age: 30±7 years, body fat: 33±7%] who were admitted for 8 to 10 days to the NIH Clinical Research Unit in Phoenix, Arizona. All subjects were healthy with no acute or chronic infection. Blood samples were drawn after an overnight fast and 2 h after OGTT for measurements of plasma glucose, insulin and MIF concentrations (MIF-specific sandwich ELISA using recombinant human MIF as standard [6] ).
There was no difference in age, percentage of body fat, fasting, and 2-h glucose concentrations, fasting and 2-h insulin in disease states also associated with insulin resistance [8] . MIF was found to induce TNF-a secretion by macrophages, which suggests that MIF is not only increased by but also increases cytokine production [2] . Thus, MIF might have both direct and indirect effects on insulin sensitivity.
One limitation of our study is that, using currently available assays, MIF concentrations in healthy subjects were below the detection level of the assay, as was the case in 50% of subjects. Concentrations in the present study are typical of normal values in other studies, as is the limit of detection of MIF of the assay used (C. Metz, personal communication).
In conclusion, these results indicate that plasma MIF concentrations were increased in non-diabetic Pima Indians, a population at high risk for the development of the disease, compared to age and body composition matched Caucasian subjects and were strongly related to insulin resistance. Our results are consistent with the hypothesis that chronic inflammatory processes could play a role in pathogenesis of Type II diabetes. Fig. 1 . A Distribution of fasting plasma macrophage migration inhibitory factor concentrations (MIF) in Pima Indians and Caucasians. B Relationship between the fasting plasma macrophage migration inhibitory factor concentrations (MIF) and insulin action (M) in 36 non-diabetic Pima Indians and Caucasians. Subjects were divided into those with undetectable MIF levels (mean ± SE) and those with detectable levels. The detection limit of this MIF ELISA using plasma is between 1-2 ng/ml. Detection limit for this study was 1.9 ng/ml. Many individuals had MIF levels that were below the detectable limit (<1.9 ng/ml). To account for this "truncation", the data were analysed using a Tobit model. This model assumes that MIF concentrations have log-normal distribution, but accounts for the fact that for some individuals the value is not known exactly, but is between 0 and 1.9 ng/ml. A Fasting MIF concentrations (ng/ml). B Fasting MIF concentrations (ng/ml)
